M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
The neutral red retention time (NRRT) assay is useful for detecting decreased 24 lysosomal membrane stability in haemocytes sampled from bivalves, a phenomenon 25 often associated with exposure to environmental pollutants including nanomaterials.
26
Bivalves are popular sentinel species in ecotoxicology and use of NRRT in study of 27 species in the genus Mytilus is widespread in environmental monitoring. the aquatic food chain and mussels are amongst the most abundant of these (Baun et extracted from adductor muscle using a 20 gauge hypodermic needle fitted on a 1 ml 115 syringe containing 100µl tris buffered saline buffer, which was pooled to provide a 116 total volume of 2 ml haemolymph solution. Three biologically independent replicates 117 were used (i.e. haemolymph was taken from 3x5 individual animals). Samples were 118 constantly vortexed to resuspend the haemolymph and prevent aggregation.
119
Haemolymph was then evenly aliquoted (500 µL) followed by exposure to 120 nanoparticles at a final concentration of 2 ppm for 1 h at ambient temperature (20°C).
121
Tubes were gently shaken every 5 min to optimise exposure. The above procedure 
2.4.Neutral red retention time (NRRT) assay

126
Following nanoparticle exposure, 100 µl haemolymph from all six treatment 127 groups was loaded into individual wells of a 96-well microtitre plate (Sarstedt,
128
Wexford Ireland). This was performed with three independent biological replicates. 
3.2.Toxicity of metal or metal oxide nanoparticles
154
The particles selected for this study have previously been reported to display a 155 range of toxicity in biological systems. Titanium dioxide nanoparticles (which are 156 widely used commercially as a component of sunscreens) are generally regarded as 157 less toxic to aquatic species (Federici et al, 2007 ). However, it should be noted that, in 158 mice, NO and tumour necrosis factor alpha production were elicited after exposure to • Neutral red retention time assay used haemolymph of five pooled mussels.
• Assay was miniaturised for reading in a plate reader, facilitating many samples and replicates.
• Copper, chromium and cobalt nanoparticles were toxic while gold and titanium were not.
